Over the past decade, autism has emerged as a major public health concern in the United States. Although known for more than fifty years as one of the most severe childhood neuropsychiatric disorders, it was thought to be quite rare. Now, however, it is recognized that autism includes a much broader spectrum of affected individuals, beyond those with classic features. Recently, there has been much speculation that the underlying risk of the condition, in all its forms, may be increasing with time. Undoubtedly, more and more individuals have been seeking educational, medical, and social services to help confront the formidable challenges of autism. All this comes at a time when, despite a decade-long intensive search for autism genes, there is continued bafflement over the condition's etiology. In this article, we review the factors responsible for the emergence of autism as a public health problem and briefly discuss the public health response to date and the prospects for the future.
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DEFINING AUTISM
Diagnosis of autism is purely behaviorally based. Individuals with autism have impairments in social interaction and communication and exhibit some rote or repetitive, often self-stimulatory, behaviors. 1 In each of these dimensions, the impairment can range from mild to profound. A low-functioning individual with autism might be completely non-verbal, cognitively impaired, selfinjurious, and virtually unable to connect with even the closest of family members. A very high-functioning individual with autism could be verbal, of aboveaverage cognitive ability, have idiosyncratic areas of interest with a tendency to gear social interaction around these, and may have formed strong bonds with family, teachers, and some peers. Recognizing this spectrum, many refer to the broad range of autistic-like conditions as Autism Spectrum Disorders (ASDs). Clinically, they are often still referred to as pervasive developmental disorders (PDDs). Classic autism, the form with behavioral features closest to those described by Kanner, 2 is called autistic disorder or nuclear autism. Once thought to be the predominant form, it may well account for less than half of the ASDs. 3 Over time, the diagnostic criteria for autistic disorder have been modified, new criteria have been added for other ASDs (pervasive developmental disorders not otherwised specified [PDD NOS], and Asperger Syndrome), and the way these criteria have been applied in practice has changed. 4 WHAT IS THE PUBLIC HEALTH BURDEN OF AUTISM?
Prevalence
Most of the epidemiologic data on autism prevalence come from studies of autistic disorder, not the full spectrum of ASDs. Through the 1990s, the most commonly accepted estimates of the overall population prevalence of autistic disorder fell in the range of 5-10 per 10,000 with, for still unknown reasons, prevalence in males appearing to be three to four times that of females, 3 with the gender disparity being more pronounced among those without cognitive impairment and those without any dysmorphic features. [3] [4] [5] More recent studies have yielded prevalence estimates for autistic disorder many times the upper limit of this range, although these studies tend to be smaller in scale and subject to more random variability. [6] [7] [8] However, most of these smaller investigations have used more intensive case identification procedures. Although this pattern implies an increase with time, inferences about trends in the prevalence of autistic disorder must be made with caution because studies differed in design, populations, and methods and criteria for identifying cases.
Administrative data, the routine information collected by service delivery programs, have probably fueled most of the recent speculation about rising autism prevalence. Autism became a recognized federal category for special education classification in 1990, and the number of children classified with autism by state education departments across the country has since increased approximately 25% per year. 9 It is noteworthy, however, that the special education category of "other health impairments," which includes children with attention deficit hyperactivity disorder, has experienced increases of similar magnitude. 9 In 1999, the Californa Division of Developmental Disabilities (DDS) published a widely cited report on the number of individuals with autism registered with that agency, documenting large annual increases in the numbers of individuals with an autism classification. 10 However, when population denominators were applied to these autism case counts, prevalence in the most recent years was still below what would be expected based on the epidemiologic studies. 11 Two investigations following up on these data-one an ecologic analysis and one a small survey-have examined whether the apparent increase in the number of individuals classified with autism in California could be a byproduct of changes in the way people with developmental disabilities are categorized by the state. 12, 13 The findings, however, were not in agreement and the question remains open. California DDS recently published an update to their 1999 report that shows counts of individuals with autism classifications still on the rise. 14 Currently, there is no consensus on the population prevalence of ASDs. A plausible range for autistic disorder is probably somewhere between 10 and 20 per 10,000, with the prevalence of all ASDs to be two to three times that. The Centers for Disease Control and Prevention (CDC) reported a 1996 ASD prevalence of 34 per 10,000 in Metropolitan Atlanta, 6 and a 1998 survey of one British county found an ASD prevalence of 63 per 10,000. 6, 15 Virtually all agree that the number of children with ASD diagnoses has increased markedly over the last decade, as has the demand for services. However, the extent to which the increase can be attributed to a combination of shifting diagnostic tendencies and increased ASD awareness or to changes in true risk is unclear. This situation is troubling, as service providers are uncertain whether the recent increases are likely to continue, communities wonder about "clusters" that might warrant a special public health response, and researchers speculate about what underlying mechanisms might be consistent with a short-term change in prevalence.
Severity
The level of impairment and consequent service needs of individuals with ASD, while variable, is quite high for even the least severe cases. Impairment is life-long, and considerable support is required to navigate routine educational and social situations. A large segment of autism cases (estimates range from less than 10% to 30%) have other medical conditions such as Fragile X, tuberous sclerosis, or neurofibromatosis. [16] [17] [18] Approximately 70% of people with autistic disorder are cognitively impaired, 40% severely. 3 The proportion of those with cognitive deficits among all individuals with ASDs is likely lower, but no good estimate is yet available. Cognitive status appears to be the single strongest predictor of functional outcome. 19, 20 However, it has been demonstrated that behaviorally-based interventions started early in life can curtail problematic behavior and foster communication and social skill growth. 21, 22 Certain pharmacological treatments have also been shown to reduce problematic behaviors in particular case subgroups. 23, 24 Numerous other interventions have also been proposed over the years, but remain unproven. More than 30% of the parents of a recent consecutive case series of 250 children with autism reported ever trying some form of complementary or alternative medicine. (Personal communication, David. S. Mandell, Sc.D, University of Pennsylvania Center for Autism and Developmental Disabilities Research and Epidemiology, November 2002.) Followup studies have estimated that from 5% to 17% of adults with autism have near-normal or normal social lives with acceptable functioning at work. 4 Those studies, however, tended to over-represent individuals with autistic disorder as opposed to other ASDs, and were done on cohorts less likely to receive early behavioralintervention than today's children.
Cost
Much of the cost of autism, such as the emotional strain and altered lifestyles of affected families, is of course impossible to quantify. There are also substantial challenges to estimating the economic costs of the disorder. Aside from uncertainty over prevalence, reliable data on a number of relevant cost categories are lacking. The one recently published autism cost study was conducted in the United Kingdom and estimated the lifetime costs to society for a person with autism there to be an amount equivalent to nearly $4 million (1998 U.S. dollars). 25 Similar analyses using the limited cost data available in the United States have been completed, but have not been published in the peerreviewed literature. 26, 27 Nonetheless, these do concur in general terms with the UK study in that, assuming a middle-range estimate for population prevalence, the annual cost of autism in this country would be counted in terms of billions of dollars, exclusive of the substantive economic costs associated with other ASDs. The financial burden for certain expensive direct services, particularly intensive behaviorally-based intervention, is often shouldered completely by the families of those affected.
EARLY DETECTION
Because functional improvements are typically seen with early behavioral intervention, 21, 22 screening tools based on existing diagnostic approaches have been developed. The American Academy of Neurology currently recommends that children failing routine developmental exams be screened with one of two such tools-the Modified Checklist for Autism in Toddlers (M-CHAT) or the Autism Screening Questionnaire (now referred to as the Social Communication Questionnaire). 28 However, existing tools vary in the manner in which they are administered and the extent to which they have been validated. To develop better approaches, researchers are now closely following cohorts of infant siblings of autistic children as well as doing studies that compare pre-diagnostic videotapes of autism case and control subjects. The latter approach has led to a finding that deviations from normal patterns of movement may be useful in diagnosing ASD as early as 4-6 months of age. 29 Given the inherent uncertainties of behaviorallybased screening, interest in potential autism biomarkers has been intense. One promising study found that levels of certain neuropeptides and neurotrophins measured in archived newborn heel stick blood cards discriminated between children later diagnosed with autism and those free of developmental problems. 30 However, levels in children with autism were not appreciably different from those in children with idiopathic mental retardation, suggesting that these are non-specific indicators of general developmental problems rather than an autism-specific marker.
Can autism be prevented?
Unfortunately, the uncertainty over the etiology of autism has hindered primary prevention efforts. For a number of years, researchers mistakenly emphasized parent behavior as contributing to autism causation. Then, after reports in the late 1970s and early 1980s documented high rates of co-occurrence of nuclear autism in monozygous twin pairs, [31] [32] [33] [34] the focus shifted to genetics. Today, while a substantive heritable component to ASD is undeniable, aside from some consistent findings pointing to an area on chromosome 7q, [35] [36] [37] [38] the gene-finding studies are far from congruent and no single genetic model has yet met the challenge of consistently explaining autism's gender disparity and variable phenotype across available family datasets. 39 Investigations of particular candidate genes have also been inconclusive; however, WNT2, 40 reelin, 41, 42 and HOX 43 genes may still prove important. This lack of conclusive genetic findings suggests that the model of inheritance underlying autism is quite complex. Inheritance is likely non-Mendelian, perhaps involving a polygenic mechanism with a large number of distinct genes, 37 or genomic imprinting, where maternally and paternally inherited alleles of a gene are differentially expressed. 44 Also possible is a scenario where the maternal genotype itself affects risk (e.g., maternal genes that influence the in-utero environment). 45 Finally, the genes that increase the risk of autism (either the mother's or the affected proband's) may do so only in the presence of exposures to certain nonheritable factors. 46 However, to date, few nonheritable factors have been implicated in autism etiology, and even fewer are believed to play a causal role. Available anatomical evidence has been interpreted as supporting origins for autism during prenatal brain development, 47, 48 although no single anatomical or pathophysiological theory is considered definitive. 49 There are some children with autism who develop normally through 18 to 30 months of age and then abruptly lose language and social skills. The proportion of all ASD cases with this regressive autistic phenotype is unknown, although some speculate it could be as high as 30%. 50 Although the mere existence of this group is sometimes interpreted as supporting the existence of a nonheritable early life risk factor for autism, it is entirely possible that regressive autism results from pathologic processes fully established at birth.
Possible nonheritable autism risk factors that have received the most attention are pre-and perinatal maternal infections, birth complications, chemical exposure, and, most recently, childhood vaccinations. Associations of autism with maternal infection and birth complications have been reported with some consistency, 51-54 but have not received much emphasis because of concerns over study design (e.g., small sample sizes, recall biases), reverse causation (i.e., pathology linked to autism causes birth complications, rather than the complications causing autism), and minimal attributable risk impact. A link between thalidomide exposure in pregnancy and autism has been established; 55, 56 however, epidemiologic studies of other medications used in pregnancy have not been consistent in their findings, 52, 53 and the few studies of other chemical exposures in pregnancy offer little support for any association. 57 In the last five years, a great deal of attention has been focused on the possible role of childhood vaccination in autism. Public anxiety was stimulated by the spread of anecdotal reports of developmental regression coincident with vaccination and the publication of a study documenting intestinal abnormalities in a small number of children with autism, 58 most of whose parents reported autistic symptoms beginning just after measles, mumps, and rubella (MMR) vaccination. Concurrently, others pointed to the ubiquitous presence of the potentially neurotoxic ethylmercury-containing vaccine preservative, thimerosal, in childhood vaccines. 59 Three expert reviews 60, 61 released in 2000-2001 60--62 unanimously concluded that the data then available did not support an association between MMR vaccination and autism. The first large-scale, individual-level epidemiologic study of this subject, published in late 2002, also has reported no association between MMR vaccine and autism. 63 While fewer data are available at this point, similar conclusions have been reached by expert review panels with regard to thimerosal exposure. 60, 64 Epidemiologic studies are underway but, in accordance with a 1999 recommendation by the Food and Drug Administration, the U.S. Public Health Service (PHS), and the American Academy of Pediatrics (AAP), all U.S.-licensed vaccines on the recommended immunization schedule for children younger than 6 years of age are now available in thimerosal-free forms. However, in developing countries where single dose vials are impractical, thimerosal is still used. 64 At this time, it is difficult to formulate preventive strategies for autism. The AAP currently recommends that parents of children with ASD be counseled about the increased risk in subsequent children, estimated to be from 3% to 9%. 65, 66 Other more involved counseling protocols have also been proposed. 67 Should a putative autism gene be identified, a considerable amount of additional research would still be needed before any kind of genetic testing was implemented. 68 We also lack clear direction on exposure avoidance strategies that might be effective in the prevention of autism. That we have yet to identify susceptibility genes is likely also the single most important barrier to discovering etiologically significant and potentially modifiable exposures.
The public health response
Since 1995, the Department of Health and Human Services has sharpened its focus on ASDs. From 1995 to 2001, research funding for autism has quintupled from $11 to $56 million. 68, 69 At the same time, both the CDC and the National Institutes of Health (NIH) have developed new initiatives, building a federal foundation for the public health response to autism. Catalyzed by the Children's Health Act of 2000, 71 the CDC is supporting the development of population-based ASD surveillance projects in eight states and has funded five centers of excellence in autism and developmental disabilities epidemiology to conduct surveillance and to begin a large, multi-centered autism casecontrol study. These CDC projects should provide more accurate ASD prevalence estimates and, it is hoped, lead to the discovery of modifiable risk factors. The Children's Health Act also charged the NIH to fund at least five centers of excellence in clinical and basic science research on autism, and to form an Autism Coordinating Committee where representatives from five NIH institutes, the CDC, the FDA, and the U.S. Department of Education could regularly exchange ideas. 71 Through a federal mandate under the Individuals with Disabilities Education Act, states can secure funding to provide developmental screening and early intervention to infants and toddlers. 71 These programs, while not exclusively focused on autism, have been an important means of raising early warnings that can lead to diagnoses of ASDs and have been available in all states since 1994. In New Jersey, a Governor's Council on Autism Research was formed that, in addition to funding research, also supports the development of a state autism registry and an educational initiative on early detection targeting parents and physicians. There has been much publicity in California surrounding the $34 million state funding of a new autism research and treatment center, the Medical Investigation of Neurodevelopmental Disorders (MIND) Institute. The MIND Institute is involved in a study of environmental chemical exposures and autism risk, funded by the National Institute of Environmental Health Sciences and the Environmental Protection Agency. It is also working to develop new diagnosis and early detection tools, and is providing training and consultation to community physicians about detection and diagnosis.
Clearly, energy and resources are now being directed toward a re-assessment of autism from a population perspective. This seems entirely appropriate, given the gaps in knowledge on the burden, causes, and most effective intervention strategies for ASDs. We hope that this will lead to the knowledge base needed to support a more informed and comprehensive public health response to autism in the future.
